Radiosensitization of human tumor cells by the phosphatidylinositol3-kinase inhibitors wortmannin and LY294002 correlates with inhibition of DNA-dependent protein kinase and prolonged G2-M delay.
Members of the phosphatidylinositol (PI) 3-kinase gene family, including the ataxia telangiectasia gene and the DNA-dependent protein kinase (DNA-PK), are involved in regulating cellular radiosensitivity. We have investigated two structurally unrelated PI 3-kinase inhibitors, wortmannin and LY294002, to determine whether they inhibit DNA-PK and increase cellular radiosensitivity. The PI 3-kinase inhibitors wortmannin and LY294002 were effective radiosensitizers of human tumor cells, with sensitizer enhancement ratios (at 10% survival) of 2.8 and 1.9, respectively, in SW480 cells. Wortmannin and LY294002 inhibited the kinase activity of purified DNA-PK and inactivated cellular DNA-PK kinase activity. Inhibition of cellular DNA-PK activity occurred at the same concentrations of wortmannin that caused radiosensitization, and this correlation was found in a range of tumor cell lines. However, cells deficient in either DNA-PK (scid cells) or the ataxia telangiectasia protein were also partly sensitized to radiation by wortmannin, indicating the involvement of more than one protein kinase in the mechanism of action of wortmannin. Wortmannin also affected the G2-M checkpoint. SW480 cells had a reversible G2-M delay of 20 h following irradiation. However, wortmannin-treated SW480 cells had a prolonged G2-M delay; more than 75% of cells were arrested in G2 at 50 h postirradiation. This suggests the accumulation of significant unrepaired DNA damage following inhibition of PI 3-kinase family members. Therefore, PI 3-kinase inhibitors may represent a new class of radiosensitizers that inhibit the repair of DNA damage.